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Supersymmetry at ATLAS

o ATLAS has a strong and varied
supersymmetry (SUSY) search program!

o Strong SUSY: squark and gluino
production

o Electroweak: chargino, neutralino,
sleptons

o RPV and long-lived: specialised
techniques and rare signatures

o Summaries and combinations: putting
everything together

o Today | will cover four recently released
analyses
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SUSY model classification

There are a wide range of possible model
parameters and final states to probe:

o R-parity conservation (RPC) or violation
(RPV)

o Wino-bino or higgsino dominated
electroweak processes

o Symmetry breaking scenarios: different
LSPs, mass hierarchies etc

o Different kinematic regimes depending on
masses and couplings!

ATLAS SUSY searches 2




ATLAS-CONF-2021-008
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-008

Motivation and models

o Two benchmark models considered:
o Gauge mediated SUSY with the stop, stau, and

gravitino LSP P
o Scalar leptoquark production with decays to 3"
generation SM quark and lepton pairs

o For the SUSY model, the squarks decay to the
gravitino LSP via a stau with b-jets, tau leptons P :
LQs v, T

and neutrinos
o The leptoquarks are charge 1/3 or 2/3 with decays

to tv or br final states ) LQ{T v, T
p
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nalysis strategy

tE(2 real 1)

my(ty)

[GeV]
Signal regions
o EMsS trigger fired with at least 250 GeV EMiss -
70
o No light leptons ®
. Signal
o At least two jets ’
ti(1real 1)
o At least one b-jet ’ * * "
. 600 700 800
o Two complimentary channels: . )
o Di-tau with at least two hadronic tau candidates
o Single-tau with one tau and at least two b-jets, split p
into bins based on tau pr e
[GeV]
o Discriminating variables are mt> and sums of object o00 po—
masses ) Bl
0
Single top
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Background estimation

o tt and single top with 1 or 2 real taus + fakes — dedicated CRs and VRs
o Smaller contributions from V+jets, ttV

o Major uncertainties from jet energy resolution, modelling, and tt/Wt interference
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o No significant excesses

o Single tau SR is new for full Run 2 dataset, and markedly improves sensitivity

o Good improvement from previous analyses for stop to stau model

o Leptoquark models discussed in Stergios' talk
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https://indico.bnl.gov/event/9726/contributions/46370/

ATLAS-CONF-2020-007
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-007/

@ RPV models with both strong
and electroweak production

O Either direct decays to LSP or
via an intermediary

O Large numbers of jets and at
least one light lepton
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Analysis strategy

o Two strategies: a generic jet counting
analysis, and an electroweak analysis with
a neural net discriminant

o Further split by lepton content: 1 lepton
(1¢) or 2 same-charge leptons (2¢5°)

o Events must pass single lepton trigger,
and di-electron events have a Z mass veto

o Jet counting analysis has a range of jet
momentum thresholds to maximise
sensitivity

Jet counting analysis discovery SRs

Jet pp threshold

Number of jets

14 category

Number of jets

20° category

Number of b-jets

20 GeV
40 GeV
60 GeV
80 GeV
100 GeV

>15
>12
> 11
>10
>3

>10
>8
>7
>7
>6

EWK analysis di:

scovery SRs

Jet pr threshold

Lepton category

and selection

Number of jets

Number of b-jets

20 GeV
20 GeV

1¢, NN bin 4

20, m* < 155 GeV
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Data driven estimation
of tt, ttV, V+jets,
VV +jets

Using probability of
extra (b-)jets to fit a
functional form for
each jet multiplicity
The fit is tested using
~v+jets and dileptonic
tt

Fake backgrounds in
the 1/ category is from
Matrix Method
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eu+4 jets (pr> 20 GeV)

Data/Model

Dominant uncertainties come from (b-)jet
caling assumptions, b content of V (V) MC,
and NN response
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No significant excesses

o Good data/bkg agreement across all regions, even those with
high jet multiplicity

v

o Largest deviation in two bins with 1.3¢0
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o This is comparable to recent results from
ATLAS in 1, 2, and 3 lepton channels

o 1 7 and opposite-charge 2/, and
same-charge 2¢ and 3 /¢

o This analysis is also sensitive to 4 top
production!

1L/2LOS

H _ +0.9
o Extracted signal strength = 2.0

2LSS/3L

Combined
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-013/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-05/

Model dependent limits

o Exclusion for up to 2.2 TeV gluinos for multiple decay channels

o LSP type changes the expected exclusion due to different final states

o Higgsino versus wino LSP hypotheses in the electroweak models changes exclusion

o First LHC result for Higgsinos in the hadronic final state
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ATLAS-CONF-2021-015
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2021-015

Motivation and models

J
p
o In certain SUSY models with electroweak scale LSPs the mass X1
difference between )"(‘1) and ili is around 100 MeV
o This leads to charginos with dec33y length in the mm r_alnge: ) >~<1ﬂ: N X3
ot o0 > .
cr[mm] ~ 7 x [(%) \/1—#}1)2)2] , N .

where m_+ is the charged pion mass

o Look for pixel tracklets without other significant activity in
outer detector layers

o This analysis looks at electroweak and strong production modesj
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o Only record hits in pixel tracking layers

o Veto pixel tracklets with associated calorimeter deposits > 5 GeV

o Use missing energy triggers with dedicated efficiency measurement

o Require large ETis, > 1 (electroweak) or > 3 jets with the leading jet > 100 GeV

— Signal tracklet
— Background tracklet

- = Not reconstructed

ATLAS SUSY searches



o Charged particle scattering and combinatorial fakes are the two main backgrounds
o Design CRs with background templates for electron, muon, hadron, and fakes
o Also use low E‘T’[liSS CR, and medium E%niss VRs
o Develop fit model to fit low, medium and high

backgrounds
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The fit model encodes the systematics,

with pile-up and fake tracklet CR
uncertainties being the major
contributors

Cross-section calculations, ISR/FSR,

and tracklet reconstruction uncertainties

affect the signal yields
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1% simultaneously to determine SR
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o No significant excess

o Able to reach short lifetimes and large masses for both wino and higgsino scenarios

o Probing new parameter space for strong production too
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SUSY-2018-15
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/SUSY-2018-15

0.25

0.2

Live fraction

o If long-lived gluinos are produced and slow
down enough as they pass through the 0.15
detector, they can bind with SM particles

to form R-hadrons 01

o These R-hadrons can then decay at a later 0.05
time

9

o A range of masses and mass splittings are
simulated
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iATLAS 1 Da#a 2017, 29:8 hours
: ; ; —— Data 2018, 281 hours

1 LHC revolution
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Lifetime [s]

The signal MC generation has been discussed in detail in

ATL-PHYS-PUB-2019-019


https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-019/

Analysis strategy

Use empty bunch crossings (BX): special triggers and separate dataset in 2017 and 2018!

©

o Expect isotropic decays to jets from anywhere in the detector
o Two broad SRs: one covering central n and another up to |n| < 2.4
o

Require at least one energetic jet with regions binned in (150-300, 300-500, >500) GeV
lead jet momentum

OATLAS

EXPERIMENT COSMIC
Run 306147 RECONSTRUCTION
Event 16519

COLLISION - Need to have cosmic reconstruction
RECONSTRUCTION

instead of usual collision reco to
properly veto backgrounds

1=
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a 10 T T 3
5 TLAS El . . .
& P Dai 206 (11 hours) ] o Major backgrounds are cosmic muons and beam induced
g o e backgrounds (BIB)
] o Use special variables « (distance between jet and bkg
102 - E . .
] 2. Pr(i)-|Ad(jet,i)|
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g ) g S pr()  (tosupp )
o Ihs o Control and validation regions for the two background
e ' ’ ’ sources
o 10g T E|
5 E ATLAS El
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o No significant excess

o Reach up to 1400 GeV
for a wide range of
lifetimes

o Smaller mass splitting
has lower sensitivity

o Time range from one
bunch crossing to a year
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ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

March 2021 V5=13TeV
Model Signature  [Ldr(mv) Mass limit Reference
T
Oeu — 26jets  Ep= 139 | — 185 1) <400 GaV 201014283
mondjer  1-3jets Em= 361 (4 [BxDgen] [ mi@miT)=5GoV 210210874
8 Pl A o
i Forbidden 115195 201014298
3 ten 26kt 1 |# 20101629
e 2t B % i 12 180511381
Oep  Ttjats EFe 19 |& 197 200806032
SSeu  Gieis RE 115 190908457
e Otep 3 B me |k <200 ATLAS.CONF-2018.041
SSeu  Ghis R 125 iS008V 150908457
biby e 26 B 139 |k 1255 <400 GeV 210112827
3 058 ocaveamg By 210112527
Buby, By—b¥3 — bt} Oep 6b  EE= 139 |k Farbidden. 02135 190803122
27 26 B 1w |k 013085 ATLAS CONF 2020031
Oten  2tjet B 19 [ 125 200414080.201206799
Tew  3jasns B 139 i Forbioden 065 20120379
120 2jesnb B 39 |4 Forbidden
Oen 20 B w1 |z 120501649
Oeu  monoer Bt 139 [i 055 210210874
12en  14b B 13 @ mi3)=500GeV 200805880
3en b Bt 139 |n Forbidden 086 200605880
Sen B 19 |wg ) “ATLAS CONF 2020015
o zve e 13 |iME 0205 191112606
20 B o139 & 042 100808215
Oten 22y B 139 (68 oo o7 200410804, 1909.00226
2em e e [ 10 150808215
2 g a9 [+ i IS 01203 108680
2ep O Ere 139 7 o7 100808215
e 2ljet Eee 139 |7 0256 191112606
Oen 23 B % 013023 0m08 ) -
den  Opis  Eee 19 @ 055 ol = s 20311684
Diect F1; prod., long-ived ¥} Dsap ket B 19 |6 066 PureWio
g o i 021 Pure hggsno
Stable & R-nadron Miipe %1 |# 20 190201636, 1208 04035
2T Motastablo Rnadon, §-ragf] Mitple %1 1710.04901 1808 04095
S8 w6 Displ. lep. B 19 &R 07 201107812
+ o034 2011 07812
3en 139 201110848
den Ops BT 139 20311684
+5lageR jots %1 19 180403568
Mitple %1 an
z ol e P
2pi5+25 %7 081
2en 2p %1 04145 BR,—be/ 2%
i ov 136 BR)=100%, ot
8, —ibs, ¥ ~bbs 12eu  26jots 139 Puee rggsno
I .
“Only a selection of the available mass limits on new states or 107" 1 Mass scale [TeV]

phenomenais shown. Many of the limits are based on
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o Many more results to come in this
sphere on processes and final states

Conclusion )
not discussed here

o Presented four of the most recent o Significant ad ts i vsi
ATLAS SUSY analyses ignificant advancements in analysis

techniques promise even better

o These analyses cover a large range of weulls I dhe fuiure

models and SUSY parameters L
. o Combination efforts are underway to

harmonise the results of a range of
analyses

o For a complete list of ATLAS SUSY

o Improvements in background
estimation techniques and even
custom datasets are used to improve

I
ana-yses o results check out: ATLAS Public
o Delivered excellent exclusion limits Results
f ber of model
or 8 NUMmDer o7 moces 4 o More BSM talks at DIS: leptoquarks,
dark matter, Higgs-like resonances,
Higgs+DM.

v
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
https://indico.bnl.gov/event/9726/contributions/46370/
https://indico.bnl.gov/event/9726/contributions/46369/
https://indico.bnl.gov/event/9726/contributions/46367/
https://indico.bnl.gov/event/9726/contributions/46353/

Thanks for your attention!

Disappearing track candidate with pr

ATLAS

EXPERIMENT

Run Number: 308084, Event Number: 2658892674

~Date:2016-09-09 19:14:14 UTC
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Physics process

Generator

Parton shower Tune Cross section PDF (generator) PDF (PS)
i PowHEG-Box v2 Pythia 8.230 Al4 NNLO+NNLL NNPDF3.0NLO NNPDF2.3LO
Single top PowHEG-Box v2 PyrHia 8.230 Al4 NLO+NNLL NNPDF3.0NLO NNPDF2.3LO
V+jets(V=W,2) SHERPA 2.2.1 SHERPA 2.2.1 SHERPA default NNLO NNPDF3.0NNLO  NNPDF3.0NNLO
Diboson VV (V =W, Z) SHERPA 2.2.1 or 2.2.2 SHERPA 2.2.1 or 2.2.2  SHERPA default NLO NNPDF3.0NNLO NNPDF3.0NNLO
Triboson VVV (V = W, Z) SHERPA 2.2.1 SHERPA 2.2.1 SHERPA default NLO NNPDF3.0NNLO  NNPDF3.0NNLO
tH+V(V =W,2) MapGrapu5_aMC@NLO 2.3.3 PytHia 8.210 Al4 NLO NNPDF3.0NLO NNPDFE2.3LO
ti+H PowHEG-Box v2 PytHia 8.230 Al4 NLO NNPDF3.0NLO NNPDF2.3LO
tt+WWw MabpGrapu5_aMC@NLO 2.2.2 PyTHiA 8.186 Al4 NLO NNPDF2.3LO NNPDF2.3LO
tt+WZ MapGrapH5_aMC@NLO 2.3.3 PyrHia 8.212 Al4 NLO NNPDF3.0NLO NNPDF2.3LO
tWZ MapGrapu5_aMC@NLO 2.3.3 PyrHia 8.212 Al4 NLO NNPDF3.0NLO NNPDF2.3LO
tZ,tit, 11t MapGrapH5_aMC@NLO 2.3.3 PyrHiA 8.230 Al4 NLO NNPDF3.1INLO NNPDFE2.3LO
Stop-stau MabGrapu5_aMC@NLO 2.6.2 PyTHiA 8.212 Al4 approx. NNLO+NNLL NNPDF2.3LO NNPDF2.3LO
LQg/d MapGrapu5_aMC@NLO 2.6.0 PyTHia 8.230 Al4 approx. NNLO+NNLL NNPDF3.0NLO NNPDF2.3LO
A Sharma (Adelaide) ATLAS SUSY searches /36



Preselection

Di-tau preselection Single-tau preselection

EMSS-trigger fired and EZ' > 250 GeV
No light leptons (e/u)
At least two jets
At least one b-tagged jet

At least two hadronic tau candidates Exactly one hadronic tau candidate
At least two b-tagged jets

ATLAS SUSY searches B



Signal regions

Variable CRtr(2realt) CRi#t(lrealt) VRt (2realT) VR (1 real 1) SR
Emiss — — — — > 280 GeV
0S(71,12) 1 — 1 — 1

mr2 (11, T2) < 35GeV < 35GeV [35,70] GeV [35,70] GeV > 70 GeV
m(Ty, 72) > 50GeV > 50GeV — — —
mr(71) > 50 GeV < 50GeV > 70 GeV < 70 GeV —
Variable CR 1 (1 real 7) CRsingletop VRt (1real v) VR single top SR

Efrniss > 280 GeV > 280 GeV > 280 GeV > 280 GeV > 280 GeV
ST [500, 600] GeV — > 600 GeV — > 800(600) GeV
> mt(b12) [600,700] GeV > 800 GeV [600, 700] GeV > 800 GeV > 700 GeV
mt(T) — < 50GeV — [50, 150] GeV > 300(150) GeV
pr(7) — > 80 GeV — > 80 GeV — (binned)

A Sharma (Adelaide) ATLAS SUSY searches [ /36



Systematic uncertainty Di-tau SR Single-tau one-bin SR Single-tau multi-bin SR

Total 25 % 17 % 17 %
Jet-related 19 % 4.2 % 3.9%
Tau-related 4.7 % 5.5% 4.3 %
Other experimental 3.7 % 1.0 % 0.8 %o
Theoretical modelling 13 % 17 % 19 %
MC statistics 12 % 7.5 % 4.4 %
Normalisation factors 8.8 % 15 % 16 %
Luminosity 0.8 %o 0.5 % 0.4 %

A Sharma (Adelaide) ATLAS SUSY searches B



SR table

Di-tau SR Single-tau SR Single-tau SR
(one-bin) (binned in pr (7))
[50, 100] GeV [100,200] GeV > 200 GeV
Observed 2 6 8 6 2
Total bkg. 4.1 +1.0 3.23 +0.55 10.1 +1.8 5.1 1.1 2.05 =+0.64
tf (2 real T) 0.81 +0.71 — — — —
t (1 real 1) 0.82 +0.27 1.20 +0.30 48 1.2 2.69 +0.88 0.64 +0.29
ti-fake 0.51 +0.15 0.69 +0.15 2.83 +0.87 0.66 +0.17 0.185 +0.072
Single top 0.03 igf)g 0.39 18:‘3‘3 0.85 igzgg 0.54 +0.54 0.57 +0.56
W+ jets 0.08 +J44 0.35 +0.16 0.34 +0.12 0.64 +0.24 0.37 =+0.12
Z +jets 0.35 +0.14 0.187 +£0.054 0.275+0.081 0.043 +0.022 0.123 +0.048
Multiboson 0.48 +0.21 0.085 +0.037 0.163 +0.037 0.111+0.030 0.030 18:8%
tr+V 0.60 +0.15 0.242 +0.064 0.65 +0.16 0.31 +0.12 0.092 +0.035
tt+H 0.28 18:%2 0.03918:8‘3‘8 0.10 +0.10 0.06018:82(1) 0.028 18:833
Other top 0.122 +0.067 0.043 £0.022 0.096 +0.074 0.091 £0.049 0.0120+0.0084
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Signal channel (Aeo)ggs [fb] Sggs ngp CL, p(s=0)(2)
Di-tau SR 0.03 4.1 5372 0.8 0.50(0.0)
Single-tau one-bin SR 0.06 82 5.1%31 091 0.08(1.37)

A Sharma (Adelaide) ATLAS SUSY searches e B



ATLAS SUSY searches B



LSP Branching ratios for sparticle: Cross-section [fb]
type stop gluino for direct production
~+ t | ~£-0 ~+-0 ~0-0
t bX1 it bb thX1 | X1 X1 X1 X2 X2Xi
Bino 100% 0% | 100% 0% 0% 0 0 0
Wino 33% 66% | 16% 16% 66% 387 0 0
Higgsino | 50%  50% | 50% 0% 50% 91 91 52
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Physics process Event Parton-shower Cross-section PDF set Tune
generator modelling normalisation
W (— tv) + jets SHERPA 2.2.1 [66] SHERPA 2.2.1 NNLO [67] NNPDF3.0nnlo [68] SHERPA
W (— v) + jets (¥)  MG5_aMC 2.2.2 [47] Pyriia 8.186 [69] NNLO NNPDF3.0nlo [68]  Al4 [70]
Z/y" (= £0) + jets SHERPA 2.2.1 SHERPA 2.2.1 NNLO [67] NNPDF3.0nnlo SHERPA
tt + jets PowHEGBOX v2 [71,72,73,74]  PyTHIA 8.230 [43] NNLO+NNLL [75,76,77,78,79,80,81]  NNPDF3.0nlo Al4
tt + jets (*) PowHEGBOX v2 HERWIGT7.04 [82,83] NNLO+NNLL MMHT201410 [84] HT7UE [83]
tt + jets (*) MG5_aMC 2.6.0 PyrHiA 8.230 NNLO+NNLL NNPDF3.0nlo Al4
Single-top PownecBox v2 [85,86,87] PyTrHIA 8.230 NNLO-+NNLL (88,89,90] NNPDF3.0nlo Al4
tt+W/z SHERPA 2.2.1 SHERPA 2.2.1 NLO [91] NNPDF3.0Onnlo SHERPA
tt+tt/t/WW/WZ  MG5_aMC 2.3.3 [47] PyTHIA 8.230 NLO [91] (tit LO) NNPDF2.31o [44] Al4
titt (*) MG5_aMC 2.3.3 HERWIGT7.04 NLO [47] MMHT201410 H7UE
ttH PowHEGBOX v2 PyTHIA 8.230 NLO NNPDF3.0nlo Al4
tWZ,tZ MG5_aMC 2.3.3 PyTnia 8.212, 8.210 NLO NNPDF3.0nlo Al4
VV and VVV SHERPA 2.2.1, 2.2.2, 2.2.4 SHERPA NLO NNPDF3.0nnlo SHERPA
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i) T T T i
& ATLAS Preliminary -* Data g
w w
Vs =13 TeV, 139 fb” 17+ jets
eu+4 jets (pr> 20 GeV) Other
10
T 14 T ] 1 = o 14
el 1 . ©
o 12 o 12
= 1*%%»0——0—#’/%%/7 M =
8 08 Z 8 08
S o6 f ‘ i S 08
1 2 3 >4
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Parameters tt +jets X Wjets Z-+jets VVtjets Constraints
Normalization Nf_ NIEXSC NZV Nf Nr v -

Jet scaling, i € {0,1,2} cﬁf CE{XSC cZW/Z cZVV ch/Z = cé"’ =1
Initial b-jet fractions, i € {0...4} fz fixsc - - - Yifai=1
Extra heavy-flavour jets, i € {0,1,2} i, P11 - - - =1
NN shape, i € {1...4},j € {4...8} nj; - - - - Yoinii=1
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ATLAS PreliminaryVs=13Tev, 139" 1 category

Lep. cat. NN bin NN bin NN bin NN bin
" 1" m, 1234 123412341234

N (P, > 20 GeV)

10
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Ny (b, > 20 GeV)

ATLAS Preliminaryys = 13 Tev, 139 fo"

Lep. cat.
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Pull

ATLAS SUSY searches

>4

b-tags



Jet pp | Selection Total Data | po Z L Lo S T
threshold | =NN bin 4 | background obs. [ab] exp. [ab] Jet pr | Selection Total Data | po z i 7
50 threshold | t=m" < 155 GeV | background obs. [ab] exp. [ab]
145+6 126 |05 0 130 2007 : -
20 GV 1o = 6j,>3bt 161412 20 |021 08 92 6927
o 16.3+3.3 16 [ 05 0 100 100750 20 GV ) ) s
+29 eV | > 104, = 0b 58+0.8 6 |046 0.1 48 45718
170+ 1.9 20 | 026 0.7 92 74130 ) o1
21 > 107, > 3b 82415 6 |05 0 41 54421
40 GeV T8ELD 8 047 01 5 53;;? wcey | = 8= 0b 2.8+0.7 2 05 0 31 3510
€
86411 12 017 09 76 55*3 > 8j,>3b 3.6+1.2 7 1013 11 67 3901}
e
60 GeV 2708 3 |04 02 38 3510 0 Gey | 2 T =00 1712035 3 | 02 08 41 20712
+13 e
23+06 5 |01 13 56 3359 > 7j,>3b 20407 5 1009 13 58 32413
13
80 GeV 21+11 3 1038 03 42 34ty 0 Gey | = =00 0.34+0.13 0 05 0 22 2279
3 e
L7£15 2 047 01 35 33%5° > 7j,>3b 0544020 1 |034 04 27 2279
100 Gev 22.7+1.9 25 | 038 0.3 96 85154 00 ey | 2 0.5+0.4 0 |05 0 22 2219
e
75410 8 | 041 02 55 51794 > 6j.>3b 0524022 1 |028 06 28 22%9
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Fraction of tracklets / 2.5 GeV
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Signal region Electroweak production  Strong production
Number of electrons and muons 0

Number of pixel tracklets >1

EP™ [GeV] > 200 > 250
Number of jets (pp> 20 GeV) >1 >3
Leading jet pr [GeV] > 100 > 100
Second and third jet pr [GeV] - > 20
Agict- BT > 1.0 > 0.4
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Signal production channel

Electroweak production

Strong production

TE 0.2 ns 1.0 ns 0.2 ns 1.0 ns

1

ES trigger 770.8 + 6.8 7753 £ 52 3177 +£22 3177 + 22
Lepton veto 769.4 +£ 6.8 7742 +£52 3165 £ 22 3165 &+ 22
EF'5 > 200 GeV 394.5 + 5.2 390.9 + 4.0 = -
EF'S > 250 GeV - - 1852 4+ 17 1852 + 17
Leading jet pp > 100 GeV 389.7 £ 5.2 384.9+4.0 1848 +17 1848 + 17
Third jet pr > 20 GeV - - 1834 + 17 1834 + 17
AplET > 04 366.7 £ 5.0 362.3 + 3.9 -
AGETT S 10 - - 1578 £ 16 1578 + 16
Pixel tracklet selection (pp > 60 GeV) 8.6+ 0.6  27.3+08 160+ 1.3 1050+ 3.3
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Track condition

Region ETS condition
Control regions
Electron e-subtracted BRI well-identified electron
Muon p-subtracted Ep ™ well-identified muon
Hadron standard B4 inner detector track
pixel-tracklet with |dy /oy | > 10

standard EmSS

Low-ET"™ control region

Fake-tracklet

standard E&mSS pixel-tracklet

Low- Eiss
Middle- B validation regions
Low pr standard ERSS pixel-tracklet with pp < 60 GeV
standard EF™°  pixel-tracklet with 5 GeV< E$" < 10 GeV

Calorimeter side-band

ATLAS SUSY searches N



Smearing parameters

Muon Electron
Transverse momentum o [TeV™']  a o [TV  «
10 < pr <15 16.96 1.72 20.94 1.86
15 < pr <20 15.54 1.72 19.54 1.86
15 < pr <25 14.91 1.72 18.33 1.86
20 < pp < 35 14.84 1.72 17.01 1.86
30 < pp < 45 14.21 1.66 15.42 1.82
45 < pr < 60 13.64 1.62 14.49 1.66
60 < pr < 100 13.44 1.68 13.90 1.54

100 < pr 13.21 1.64 14.03 1.64
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Electroweak channel [%]  Strong channel [%)]

TABCD 5.2 0.9
TCcD 3.2 0.6
o in signal pp smearing function 2.9 0.1
« in signal pp smearing function 1.7 0.2
po parameter in the fake background pr function 0.3 <0.1
p; parameter in the fake background pt function 0.3 0.2
Normalization of muon background 0.6 <0.1
Normalization of electron background <0.1 <0.1
« in muon pp smearing function <0.1 <0.1
o in muon p smearing function <0.1 <0.1
« in electron pp smearing function <0.1 <0.1
o in electron pt smearing function <0.1 <0.1
a in hadron pp smearing function 0.5 0.2
o in hadron p smearing function 0.6 0.2
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Electroweak channel (%]  Strong channel [%]

mox = 600 GeV mg = 1400 GeV
1

m_+ = 1100 GeV

X1

Cross-section 7.6 14
Initial/final state radiation 8.4 5.1
Jet energy scale 2.3 1.5
Jet energy resolution 0.6 0.3
Jet vertex tagging efficiency <0.1 <0.1
Pile-up modelling 0.7 <0.1
ET™ soft term 0.4 <0.1
Trigger efficiency 0.3 0.4
Tracklet reconstruction efficiency 5.9
Luminosity 1.7
Total 11 8.1
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Event display 1

Run: 308084
Event: 2658892674
2016-09-10 04:14:14 CEST

ATLAS

EXPERIMENT
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Event display 2

Run: 308084
Event: 2658892674
2016-09-10 04:14:14 CEST

ATLAS

EXPERIMENT
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Data sample
(purpose)

Bunch Trigger
structure requirements

Offline
requirements

Search sample

Empty HLT jet pt > 55 GeV
HLT E‘Tniss > 50 GeV
HLT jet |n| < 2.4

Leading jet pt > 90 GeV

Leading jet || < 2.4

Cosmic sample

- L1 jet pr > 12 GeV

Leading jet pt > 90 GeV
Leading jet || < 2.4

Beam-induced background sample

Unpaired L1 jet pr > 12 GeV or
L1 jet pr > 50 GeV

Leading jet pt > 90 GeV

Leading jet || < 2.4

Cavern background sample

Empty Random
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Signal regions

Region Data sample Number of Leading 17 Leading jet Leading
muons jet pt [GeV] Z) jet ||
Central signal region
150-300
SRC Search sample 0 300-500 > 0.2 > 0.02 <0.8
> 500
Inclusive signal region
150-300
SRIncl Search sample 0 300-500 >0.2 > 0.02 <24
> 500
Central discovery regions
DRC-150 Search sample > 150
DRC-300 (2018 data only) 0 > 300 > 0.2 > 0.02 <0.8
DRC-500 > 500
Inclusive discovery regions

DRIncl-150  Search sample > 150

>3 > (0,2 > (.02 <24
ATLAS SUSY searches




Control regions

Region Data sample Number of Leading a Leading jet Leading
muons jet pr [GeV] We Jjet [n]

Central control and normalisation regions

CRC-cos Search sample & BIB sample > 1(|5| < 1.4) > 90 < 0.2 > 0.02

CRC-bib BIB sample 0 > 90 > 0.2 > 0.01 <0.8

NRC-bib Search sample 0 90-150 > 0.2 > 0.02

Inclusive control and normalisation regions

CRlIncl-cos  Search sample & BIB sample 2> 1(|p| < 1.4) > 90 < 0.2 > 0.02

CRIncl-bib BIB sample 0 > 90 > 0.2 > 0.01 <24

NRIncl-bib Search sample 0 90-150 > 0.2 > 0.02

A. Sharma (Ad
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Validation regions

Region Data Number of Leading 117 Leading jet Leading
sample muons jet pr [GeV] 2 jet ||

Central validation regions

VRC-a >21(nl <14 > 0.2 > 0.02

VRC-bib Search sample 0 > 150 >0.2 0.01-0.02 <0.8

VRC-wy 0 < 0.2 > 0.02

Inclusive validation regions

VRIncl-a >21(nl <14 > 0.2 > 0.02

VRIncl-bib  Search sample 0 > 150 >0.2 0.01-0.02 <24

VRIncl-wg 0 < 0.2 > 0.02

Central BIB normalisation regions

NRC-a >1(nl <1.4) > 0.2 > 0.02

NRC-bib Search sample 0 90-150 >0.2 0.01-0.02 <0.8

NRC-wg 0 <0.2 > 0.02

Inclusive BIB normalisation regions

NRIncl-a >1(nl <1.4) > 0.2 > 0.02

NRIncl-bib ~ Search sample 0 90-150 >0.2 0.01-0.02 <24
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SR yields 1

Central signal regions SRC (2017 data) SRC (2018 data)
Observed events 92 100
Total expected background events 88 + 28 119 +32
Beam-induced background events 37+23 72 +29
Cosmic-ray-induced background events 51+21 47+ 19
m(g, ¥ 6) = (1400, 100) GeV 5 6
m(g, ¥7) = (1400,900) GeV 5 6
Inclusive signal regions SRIncl (2017 data) SRIncl (2018 data)
Observed events 239 221
Total expected background events 167 + 48 208 + 50
Beam-induced background events 93 +£42 139 + 45
Cosmic-ray-induced background events 74 + 30 69 + 28

m(g, ¥°) = (1400, 100) GeV 7 9

) 7 8

ii il i i1400 900; GeV
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Central discovery regions

Jet pr > 150 GeV

Jet pr > 300 GeV

Jet pr > 500 GeV

Observed events 100 11 4

Total expected background events 119 +£32 125+5.3 4.1+23

Beam-induced background events 72429 2221 0.0070-05

Cosmic-ray-induced background events 47+ 19 10.3+£5.0 4.1+£23
4.6 . .

593 52.8%155 14.3*)% 7.8%3%

Sgbs 453 14.1 7.9

CLgp 0.30 0.45 0.56

p(s=0)(2) 0.5 (0) 0.5 (0) 0.5 (0)

Inclusive discovery regions

Jet pr > 150 GeV

Jet pr > 300 GeV

Jet pr > 500 GeV

Observed events 221 31 11

Total expected background events 208 + 50 19.7+7.6 6.2+3.4

Beam-induced background events 139 £ 45 45+23 0.38£0.23

Cosmic-ray-induced background events 69 + 28 152+72 5.8+3.4
35 8.3 2.3

593 97432 19.67%3 127753

s 104 29.3 15.5

B W —

ATLAS SUSY searches



	Appendix

